Flood phenomenon caused by high rainfall and sea tides on a watershed seat the tidal area, including the Welang River, commonly occur and the number of events is increasing. Construction of retarding basin is one of flood risk mitigation efforts by reducing the flood peak discharge. Assessment of flood management in Welang River was conducted with hydrology and hydraulic approaches, by using the Hydrologic Engineering Centre-Hydrologic Modelling System (HEC-HMS) 4.0 and Hydrologic Engineering Center-River Analysis System (HEC-RAS) 5.0.3 software. The hydraulic simulation consists of 4 scenarios. Scenario 1 was the current condition, while scenario 2, 3, and 4 were the retarding basin construction with one side spillway, one on the upstream (River Station (RS) 7400), on the middle (RS 6970), and on the downstream (RS 6590), respectively. The height variation of side spillways are 3 m and 4 m. Flood routing simulation result showed that the existing river channel condition could not accommodate of 2-year flood and 10-year flood, which caused peak discharge of 497.7 m 3 /s and 794.9 m 3 /s. At the RS 6590, the maximum runoff height of 2-year and 10-year flood were 0.66 and 1.02 m, respectively. Under the 2-year return period of flood, the discharge reduction caused by the retarding basin at control point RS 5341. 
INTRODUCTION
Nowadays, flood on the urban area and the coastal area which caused by heavy rainfall and the sea tides have become a major concern (Shahapure, et al., 2011) . Also in Indonesia, the flood phenomenon caused by high rainfall and sea tides on a watershed that disembogues to sea commonly occur and the number of events is increasing as well. This phenomenon also happens in Welang River, with the river mouth at Madura Strait. The downstream part of Welang watershed is an area that is potential to flood occurrence, particularly in Gadingrejo Sub-district, Pasuruan City, Kraton Subdistrict, and Pohjentrek Sub-district in Pasuruan Regency. In the last six years, the frequencies of flood event caused by the overflowing of Welang River were 2 to 11 times in a year. Karagketug Village, Gadingrejo Sub-district, and Pasuruan City were the locations that the most frequently suffered from flood, which were 29 times in the period of 2011 to 2016.
Frequencies of extreme flood events were increased in line with the global climate change (Milly, et al., 2002) . Flood in Welang River for the last six years showed an increase in the event frequency. A study on structural and non-structural flood mitigation efforts is needed. Construction of dam as flood control is no longer a best structural effort, considering its negative impact on the environment, the high operation, and maintenance cost, and risks if structural failures occurred (Ayalew et al., 2015) . New approaches to flood risk mitigation are needed by the floodplain managers to replace the large dam role. Construction on small distributed retarding basin is an approach to reduce flood risk in urban and rural areas (Verstraeten & Poesen, 1999) . Retarding basin plays a role in reducing the flood peak discharge and also increasing the water quality.
This research is aimed to find out the flow response in the downstream watershed caused by the rainfall, to find out the water level profile, and to observe the effectiveness of retarding basin in controlling the flood on Welang River.
HYDROLOGY AND HYDRAULICS ROUTING

Hydrologic Engineering Centre-Hydrologic
Modelling System (HEC-HMS)
One of the hydrologic models that could be used to convert rainfall to flow is the HEC-HMS (Feldman, 2000) . HEC-HMS is a program that was designed to simulate a complete hydrological process from a watershed system.
HEC-HMS has several facilities, such as calibration, simulation ability on the distribution model, event flow or continuous flow model (Sujono, 2014) . The data required were including the area size of the watershed, hourly rainfall data, maximum precipitation data, and discharge data. Simulation of rainfall-runoff transformation in each sub-watershed needed several model components, which are precipitation, loss models, direct runoff, baseflow models, and routing.
HEC-HMS facilitates the model calibration process by using the Objective Function Method and Search Method (Feldman, 2000) . Objective Function is an algorithm function in the program that is used to search for the model parameter that generates the most appropriate index (goodness-of-fit indices). Search Method is the method used to minimalize the objective function and gain the most optimum parameter value by iteration through trial and error process.
The objective function provided by the HEC-HMS consists of four criteria that could be chosen according to the requirement, i.e., the sum of absolute errors, the sum of squared residuals, percent error in peak, and peak weighted root mean square error objective function (Feldman, 2000) .
Hydrologic Engineering Center-River Analysis System (HEC-RAS)
HEC-RAS is software designed for interactive use in multiple environments to model the river flow. HEC-RAS was made by the Hydrologic Engineering Center (HEC) under the US Army Corps of Engineers (USACE). HEC-RAS is an application program that integrates the graphical user interface feature, hydraulic analysis, data management and storing graphics, and reports (Istiarto, 2014) .
Retarding Basin
Retarding basin is an area/pond that is used to reduce the volume and runoff peak, in which the water is retained and not being released to the downstream area, and usually gone just by infiltration through the porous base of the basin, or by evaporation. Retarding basin could also be used to support the groundwater conservation (Bedient and Huber, 1992 in Safii, 2010) .
In this research, the retarding basin was planned to be placed on the right side of the river channel and equipped with side spillway without any gate. Side spillway was functioned to limit the water that went through the channel, particularly during rain events. Thus, the discharge that went through the channel could be controlled (Yuwono, 1977) .
HEC-RAS facilitated modeling of the river lateral structure with side spillway overflow is approached by Equation 1 (Brunner, 2016) ,
(1) in which C is the discharge coefficient, L is the spillway length, H is the height of energy line above the spillway crest.
3 The area of the watershed until the control point of AWLR Dhompo is 472.141 km 2 . Watershed area from the Welang Sub-watershed until the control point of AWLR Dhompo was divided into seven subwatersheds, as shown in Figure 3 and Table 1 . Based on the rainfall distribution occurred at flood event on November 9 th , 2016, the dominant rainfall was inspected. It was concluded that the 6-hour rainfall duration was the rain duration that represents rain condition causing the flood. Table 5 and Figure 9 show the distribution of the dominant rainfall. Figure 9 . Hyetograph of 6-hour dominant rainfall 3.6 Curve Number (CN) Value The calculation of CN value was conducted to obtain the effective rain by using the Soil Conservation Service (SCS) formula. The land use map (Figure 10 ), and soil type map ( Figure 11 ) were overlaid by using the Arc-GIS 10.2.2 version (Figure 12 ), in order to get the area weighted. The calculation result is presented in Table 6 . 
Synthetic Unit Hydrograph
The methods used to transform rainfall into runoff were the Gama-I Synthetic Unit Hydrograph and Nakayasu Synthetic Unit Hydrograph. The Nakayasu Synthetic unit hydrograph was used in the input process of hydrologic modeling simulation with HEC-HMS in order to obtain the hydrograph of design flood discharge at the AWLR Dhompo control point. The analysis result of the Synthetic Unit Hydrograph is shown in Figure 13 . Hydrologic modeling of Welang Watershed was conducted from the upstream to the AWLR Dhompo control point at the middle part by using the HEC-HMS version 4.0. The construction of the sub-watershed scheme was shown in Figure 14 , in which was followed by the modeling of main components, which were model basin, meteorology model, control specification, time series data, and paired data. These four components were watershed modeling, runoff volume, direct runoff, base flow, and flow routing.
Calibration of Hydrology Routing
The hydrograph of the flood event on November 9 th , 2016 in AWLR Dhompo control point was made as the reference for the hydrology model calibration by using the Percent Peak Error method. Comparison between the simulation and observation is presented in Figure  15 .
Parameters that measured the accuracy in optimizing the hydrograph of simulation result were the peak time (tp), peak discharge (Qp), volume (V), and time of center mass (tcm). The best result was the one with the smallest percent difference. Furthermore, the parameter resulted from the calibration process was used for the design flood analysis (see Table 10 ). The upstream boundary condition used the flood hydrograph data of AWLR Dhompo which was the control point at the initial process of hydraulic simulation. At flood event on November 9 th , 2016, the water level (h) hydrograph on AWLR Dhompo was recorded, as shown in Figure 16 . The equation rating curve Q = 9.7198 (h -0.059)
1.95 resulted in flood discharge (Q) hydrograph, as shown in Figure 17 , which then used as the upstream boundary condition on the calibration process. 
River Geometry
Modeling the morphology of Welang River was conducted by entering the geometry data resulted from the field measurement. The data input of cross-section cut and building geometry started from the crosssection in the most upstream area. The cross-section was started in the upstream (River Station (RS) 10716.4), precisely in AWLR Dhompo, until the estuary (RS 30.0).
The bridge modeling was of 3 units, which were the Sukorejo Bridge (RS 7434.3), Kraton Bridge (RS 5883.8), and Railway Bridge (RS 5206.9). The geometry of Welang River is presented in Figure 20 .
Calibration of Hydraulics Routing
Water level at Kraton Bridge control point (see Figure  21 (a)) was used for n-Manning calibration. At the time of flood event, the water level was +3.37 m, the simulation which had closest result with the flood event was 0.026. The result of hydraulic simulation of Welang River is shown in Figure 21 The first simulation was conducted at the initial condition or without retarding basin, with flood discharge of 2 years and 10 years return period. Based on the result of HEC-RAS simulation at the initial condition of flood discharge with a return period of 2 years, the runoff reached the densely populated residential area located at a distance of 497.7 m with maximum runoff depth of 0.66 m. At flood discharge with a return period of 10 years, the flood inundation was at RS 6879.2 to RS 5341.4, reached a distance of 794.9 m with maximum runoff depth of 1.02 m. Based on the river stream condition, the runoff location was on the river segment with low river cliff, narrow riverbed caused by sedimentation, and meandered.
Flood Observation Control Point
The inundation area was located at RS 7438.27 to RS 5244.1; or before the Sukorejo Bridge to the Railway Bridge, with details shown in Table 12 . Every river segments were considered to represent the inundation area, specifically with lowest embankment elevation or lowest river cliff, and the river segments before and after the side spillway. 
Flood Control by Retarding Basin
In this research, retarding basin would be used as the flood control method. The regularly flooded area along the Welang River from Sukorejo Bridge to Railway Bridge is a densely populated area, but there was a potential area of 10 Ha to be utilized as the storage. Figure 23 presents retarding basin model using HEC-RAS.
The location of the retarding basin was between the RS 7434.3 and RS 5883.8 at the right side of the river, precisely in Sukorejo Village, Pohjentrek Sub-district, and Karangketug Village, Gadingrejo Sub-district. The area was in the form of paddy field, upland field, and empty land which the residents used as a spot for brickmaking. The hydraulic simulation was conducted on condition with and without retarding basin. The simulation was performed on multiple location variations of side spillway, which were on the upstream, middle, and downstream apart of the retarding basin, hereafter would be called Scenario-2, Scenario-3 and Scenario-4, with side spillway height of 3 m and 4 m. Technical data of side spillway in each scenario is shown in Table 13 . Flow discharge that enters to the retarding basin of Scenario-2 simulation is 15.55% of total discharge with a return period of 2 years. The percentage is small because the water level of the flood is mostly below the spillway crest elevation. Therefore, most of the discharge flowed to the downstream area. If flood discharge with a return period of 10 years occurs, the discharge that enters the retarding basin of Scenario-2 is of 20.08% from discharge in the upstream part of the retarding basin. The retarding basin function is more optimal for larger flood because the water level of the flood was higher than the crest of side spillway. The hydrograph of flood discharge with a return period of 2 and 10 years on side spillway RS 7400 are shown in Figure 24 and Figure 25 . The discharge that enters the retarding basin is also affected by the height of side spillway. The discharge that flows through the retarding basin on side spillway with 3 m height is 44.27 m 3 /s. It is larger than the discharge that flows on side spillway with 4 m height, which is 13.18 m 3 /s (see Table 14 ). Table 15 and Table 16 shows maximum discharge and maximum water level at control points, respectively. Simulation result with retarding basin showed that on return period of 10 years, there was decreasing of discharge on Welang River at control point with water level decreasing of average 0.10 m to 0.42 m, and discharge reduction of 2.15 m 3 /s to 42.76 m 3 /s (see Table 17 and Table 18 ). 
